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Abstract: Urbanization, industrialization and real estate reform have led to a vast growth 
of the real estate-construction sector in China. Using the 2002 and 2007 provincial input-
output tables, this paper examines the importance of the real estate-construction sector in 
the Chinese economy by applying the hypothetical extraction method. The results show 
that for the 30 studied provinces the weighted average impact of the real estate-
construction sector accounts for 21% of total output and for approximately 14% of all 
jobs in 2002. For 2007, these figures are 23% and 22%, respectively. The impact of the 
real estate-construction sector on total output and employment varies across regions. In 
2007, the direct and indirect output and employment of real estate-construction sector 
accounted for around 15% of total regional output and employment in Shandong and 
Henan, and for 40% in Tianjin, Jilin, Shaanxi, Ningxia and Xinjiang. Our results also 
indicate that the real estate-construction sector is strongly own final demand oriented and 
regional economies which highly rely on it are particularly vulnerable to a fall in its 
demand. 
 
Keywords: Input-output tables; Hypothetical extraction method; Real estate-construction 
sector; Direct, indirect and total output; Employment; Regional inequality; Regional 
economy 
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The real estate sector and construction sector make considerable contributions to regional 
economic development. Because of their strong intersectoral linkages, investment in these 
sectors is often taken as an important policy tool by the central government or by local 
government to accelerate economic growth and create employment (Polenske and 
Sivitanides, 1990). However, rapid growth of these sectors may result in imbalances 
which could hinder the development of the national or regional economy (Bielsa and 
Duarte, 2011; Yotopoulos and Nugent, 1973). Therefore, it is important for policymakers 
to understand the role they play in the national or regional economy. 
The real estate sector and construction sector are intimately related with each other 
(Bielsa and Duarte, 2011). Real estate is the operation and management of buildings. 
Hence, the output of construction sector is the most important input of real estate sector. 
In China, more than 15% of the input of the real estate sector was from the construction 
sector in 2002. Thus, this paper takes them as one sector (the real estate-construction 
sector, abbreviated as REC). 
Hirschman (1958) suggests that the intersectoral linkages can be used to identify key 
sectors in the economy. A substantial amount of researches have been conducted to 
identify key sectors, with special attention to the real estate sector (e.g. Li et al., 2011; 
Song and Liu, 2007; Wang and Liu, 2004) and the construction sector (e.g. Bon and 
Pietroforte, 1990; Pietroforte and Grogori, 2003; Polenske and Sivitanides, 1990; 
Rameezdeen and Ramachandraa, 2008; Song et al., 2006). The literature shows that the 
REC is a key sector in both developing and developed countries. Coulson and Kim (2000) 
and Green (1997), amongst others, find that real estate investment is an important 
determinant of GDP growth. 
The rapid growth of the REC promotes the development of economy but could also 
skew the economic structure and lead to disruptions as speculative activities play an 
important role in the real estate and construction market (Malpezzi and Wachter, 2005; 
Xiao, 2010). Bielsa and Duarte (2011) and Garía Montalvo (2007) analyze the recent 
disruptions in the Spanish economy caused by the REC. García Montalvo (2007) shows 
that the REC in 2000 was disproportionately large compared to the rest of the Spanish 
economy. Based on the 2000 input-output (I-O) table, Bielsa and Duarte (2011) find that 
with 22.4% of total value added (17.5% of the jobs), the Spanish REC in 2000 was 
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substantially larger than the OECD average of 18.6% (12.4% of jobs). Their results 
indicate that Spain is a construction-driven economy which makes it vulnerable to a fall 
in the real estate and construction activity. The sharp rise in unemployment after the 
global financial crisis and REC meltdown reveals the vulnerability of Spain’s economy. 
Since 1978, China has experienced a rapid process of urbanization and 
industrialization (Zhang and Song, 2003). Large numbers of people have moved from 
rural into urban areas, which results in increase of investments in residential real estate 
and commercial real estate (Mak et al., 2012). What’s more, Chinese central government 
gradually introduced an urban real estate reform program to transform the socialist plan-
oriented urban real estate market into a market-oriented one (Zhao and Bourassa, 2003). 
As a consequence, the REC has experienced rapid growth. In 2010, there was 4.05 billion 
square meters of real estate under construction, including 3.15 billion square meters 
housing, 0.12 billion square meters offices, 0.45 billion square meters commercial real 
estate and 0.33 billion square meters for other use. Realized REC investment reached 6.17 
trillion yuan in 2011 accounting for 24% of total investment in China (China Statistics 
Yearbook, 2012). 
Several researches have been conducted to study the impacts of the REC on the 
Chinese economy. Liu et al. (2002) show that China’s real estate investment is a major 
cause of its economic growth, both in the short and in the long run. Wu and Zhang (2005) 
find that the increasing construction sector promotes economic development through its 
strong intersectoral linkages. However, some researches point out that the rapid growth of 
the REC is a threat of the balanced development of the Chinese economy, as it is 
oversized and consumes excessive resources (Chang et al., 2010; Fernandez, 2007). The 
rapid growth of the REC could skew the structure of the Chinese economy. However, 
little empirical analysis has been done to answer the questions whether the REC is 
oversized and to what extent its rapid growth might skew the structure of Chinese 
economy. 
As regional development is uneven in China (see amongst others Chen and 
Groenewold, 2011; Gravier-Rymaszewska et al., 2010; Keng, 2006), the impact of the 
REC on the regional economic structure is expected to vary across regions. However, 
little empirical evidence is available yet. This paper intends to fill in this gap by 
measuring the economic impacts of the REC on the regional economy at provincial level 
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based on the 2002 and 2007 I-O tables of 30 Chinese provinces. Both the intersectoral 
linkages and the employment impacts are measured.  
Detailed analyses of the impacts of a sector, i.e. the REC, on the other sectors of a 
regional economy are conventionally based on I-O tables. The most common approach is 
the classical multiplier method (CMM) which measures the importance of a sector by the 
average of its technical coefficients (Clements and Rossi, 1991). The hypothetical 
extraction method (HEM) is an improvement over the CMM in that it gives a more 
complete overview of a sector’s importance by presenting the impacts on every other 
sector by eliminating it from the economic system and capturing the changes in other 
sectors’ outputs (Guerra and Sancho, 2010). Based on the I-O tables which present input-
output flows among all sectors, the HEM provides accurate measurement of the impact of 
one sector on the regional economy by quantifying the direct and indirect input-output 
flows between the sector and the others. As the REC is connected with all other sectors 
through purchasing other sectors’ output and selling its output to them (Bielsa and Duarte, 
2011; Polenske and Sivitanides, 1990), the HEM is tailored to the objective of our study. 
The main finding of this paper is that the Chinese regional economies are strongly 
dependent on the REC. The weighted average regional employment impact of the REC on 
in China (22%) is larger than those in OECD countries, notably the USA (12%), the UK 
(10%), France (12%), Germany (13%) and the Netherlands (12%) (Bielsa and Duarte, 
2011). It is even larger than in Spain (17.5%) where the REC is disproportionately large 
and has brought about a vulnerable national economy. The finding of a disproportionally 
large REC applies in particular to the Chinese provinces Tianjin, Jilin, Shaanxi and 
Ningxia where it accounted for more than 40% of the regional economy and more than 40% 
of regional employment in 2007. 
The remainder of the paper is organized as follows. Section 3.2 describes the 
methodology, section 3.3 presents the data and empirical results and section 3.4 discusses 
and concludes. 
3.2 Hypothetical extraction method 
The notion of intersectoral linkage is widely accepted as indicator of the influence of a 
specific sector on the economic system (Dietzenbacher, 1992; Miller and Lahr, 2001; 
among others). Intersectoral linkages are classified into total, backward, and forward 
linkages. Song and Liu (2007), amongst others, define total linkage as the comprehensive 
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measure of a sector’s importance relative to the whole (regional) economy. That is, a 
sector with strong total linkage plays a key role in a (regional) economy. The backward 
linkage indicates a sector’s dependence on inputs produced by other sectors 
(Dietzenbacher and Van der Linden, 1997; Karagiannis and Tzouvelekas, 2010; Song and 
Liu, 2007) while the forward linkage represents the extent to which the (regional) 
economy depends on the sector’s output (Song and Liu, 2007).  
To measure these three types of linkages, we use the hypothetical extraction method 
as originally proposed by Paelinck et al. (1965) and Strassert (1968). The essence is to 
hypothetically extract a sector from an economic system to quantify how much the 
economy’s output would be affected. The extracted sector is assumed to neither supply its 
output to the other sectors nor to purchase other sectors’ outputs. By measuring the 
difference in total output of the economy before and after the extraction, the contribution 
of the extracted sector to the economy is captured. The method has been applied to 
analyze the structure of a national or regional economy and to identify key sectors (see 
Andreosso-O’Callaghan and Yue, 2004; Dietzenbacher, 1992; among others). What’s 
more, the change in the output levels of each remaining sectors before and after the 
extraction shows the intersectoral linkages between the extracted sector and each 
remaining sector in the economy which can be further used to measure the effect of the 
extraction on employment. 
Both the Leontief inverse and the Ghosh inverse can be used to study intersectoral 
linkage. The basic difference between them is that the Leontief inverse is based on the 
input coefficients matrix, A, and the Ghosh inverse is based on the output coefficients 
matrix, B. (Miller and Lahr, 2001). Since A shows where input comes from and B where 
output goes, the Leontief inverse is used to measure backward linkage and Ghosh inverse 
to measure forward linkage. This paper follows Miller and Lahr (2001).  
Below we summarize the HEM based on Miller and Lahr (2001). Consider the basic 
Leontief I-O model of an n-sector economy: 
                                                                    𝐱 = 𝐀𝐱 + 𝐟,                                                  (3.1) 
where x is the (n×1) vector of total output, A the (n×n) input coefficient matrix and f is 
the (n×1) vector of final demand. 
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The HEM partitions x into two parts: the sector that is to be extracted from the 
economy is placed in one part, x1, and all the remaining sectors in the other part, x2. Final 
demand f is also partitioned into two parts, f1 and f2 accordingly. Hence,  
                                                         𝐱 = [
𝐱𝟏
𝐱𝟐
] ,         𝐟 = [
𝐟𝟏
𝐟𝟐
].                                           (3.2) 
Accordingly, the input coefficient matrix A is: 
                                                             𝐀 = [
𝐀𝟏𝟏 𝐀𝟏𝟐
𝐀𝟐𝟏 𝐀𝟐𝟐
].                                                (3.3) 
Substituting (3.2) and (3.3) into (3.1) gives a partioned I-O model. As shown by 
Andreosso-O’Callaghan and Ge (2004) and Miller and Lahr (2001), the Leontief Inverse 
Matrix of the partioned I-O model is: 
                                  𝐋 = (𝐈 − 𝐀)−1 = [
𝐇 𝐇𝐀𝟏𝟐𝛂𝟐𝟐
𝛂𝟐𝟐𝐀𝟐𝟏𝐇 𝛂𝟐𝟐(𝐈 + 𝐀𝟐𝟏𝐇𝐀𝟐𝟐𝛂𝟐𝟐)
],              (3.4) 
where H equals (𝐈 − 𝐀𝟏𝟏 − 𝐀𝟏𝟐𝛂𝟐𝟐𝐀𝟐𝟏)
−1, 𝛂𝟐𝟐 equals (𝐈 − 𝐀𝟐𝟐)
−1, and I is the identity 
matrix. 
Hence, (3.1) reads: 









].               (3.5) 
To assess the total, backward and forward linkages of the extracted sector, the 
assumption is made that the input coefficients of the remaining sectors remain fixed. That 
is, after it has been extracted, intermediate and final demand of products produced by the 
extracted sector are met by imports.  
3.2.1 Total linkage indicator 
To quantify the total linkage of the extracted sector, the extracted sector is assumed to be 
completely extracted and all three matrices that represent its impacts are fixed at zero. 
That is, A11=A12=A21=0. This gives: 
                                                               𝐀𝐓𝐋 = [
𝟎 𝟎
𝟎 𝐀𝟐𝟐
],                                              (3.6) 
where subscript TL denotes the situation after the sector is completely extracted. 
The corresponding I-O model is: 
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],                                    (3.7) 
where f1 now is final demand from the extracted sector met by imports. 
Using Eq.(3.4) and Eq.(3.6), the difference between output before and after the 
extraction can be expressed as: 












].  (3.8) 
Hence, total linkage TL of the extracted sector x1 is: 
𝑇𝐿 = [∆𝐱𝟏𝐓𝐋 + ∆𝐱𝟐𝐓𝐋] 𝐺𝑂⁄  
= [[(𝐇 − 𝐈) + 𝛂𝟐𝟐𝐀𝟐𝟏𝐇]𝐟𝟏 + [𝐇𝐀𝟏𝟐𝛂𝟐𝟐 + 𝛂𝟐𝟐𝐀𝟐𝟏𝐇𝐀𝟏𝟐𝛂𝟐𝟐]𝐟𝟐] 𝐺𝑂⁄ .      (3.9) 
where GO denotes total output before the extraction. That is, GO = u’x, with u a n- 
vector of ones. 
Using Eq.(3.9), each sector can be separately extracted from the economic system so 
that each sector’s total linkage can be obtained. The total linkage indicator is made up of 
both the direct and indirect impacts of a sector on the entire regional economy. The 
extraction of a sector directly leads to decreases in the other sectors’ outputs (direct 
impacts) which bring about further decreases in the regional economy (indirect impacts). 
The indirect impacts of two or more extracted sectors are not exclusive. Hence, the sum 
of the total linkages two or more sectors may be larger than one. 
3.2.2 Backward linkage indicator 
Dietzenbacher and Van der Linden (1997), Groenewold et al. (1993) and Szyrmer and 
Walker (1983) propose to obtain the backward linkage indicator on the basis of the 
assumption that the extracted sector stops purchasing intermediate inputs that are 
produced within the economy while “maintaining the output distribution patterns over the 
remaining sectors” (Miller and Lahr, 2001, p. 418). The measure thus gives the demand-
driven effect of the removed sector on the remaining sectors. The indicator is obtained by 
setting A11 and A21 at zero in (3.3):  
                                                               𝐀𝐁𝐋 = [
𝟎 𝐀𝟏𝟐
𝟎 𝐀𝟐𝟐
],                                            (3.10) 
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and by quantifying the difference in total output before and after the backward extraction 
of sector x1. The subscript BL denotes the situation after the sector stops purchasing 
intermediate inputs. This gives:  
     𝐵𝐿 = [[(𝐇 − 𝐈) + (𝐇 − 𝐈)𝐀𝟐𝟏𝛂𝟐𝟐]𝐟𝟏 + [𝐻𝐀𝟏𝟐𝛂𝟐𝟐 + 𝛂𝟐𝟐𝐀𝟐𝟏𝐇𝐀𝟏𝟐𝛂𝟐𝟐]𝐟𝟐] 𝐺𝑂⁄ ,  (3.11) 
where BL stands for the backward linkage of sector x1 (Miller and Lahr, 2001). 
3.2.3 Forward linkage indicator 
Forward linkage describes the distribution of a sector’s output over the economy. It 
displays how the products of a sector affect other sectors’ production activity. The 
distribution coefficient Bij represents the proportion of i sector’s output that is taken as 
input by sector j (Dietzenbacher, 1992). The distribution coefficient matrix or Ghosh 
matrix B has the same structure as the Leontief matrix: 
                                                              𝐁 = [
𝐁𝟏𝟏 𝐁𝟏𝟐
𝐁𝟐𝟏 𝐁𝟐𝟐
].                                             (3.12) 
The Ghosh inverse matrix is defined as: 
                                                                𝐆 = (𝐈 − 𝐁)−𝟏.                                               (3.13) 
To obtain the forward linkage, sector x1 is assumed to only purchase intermediate 
input produced in the economy but not to supply any products. In other words, B11 and 
B12 are set at zero. In terms of (3.12): 
                                                             𝐁𝐅𝐋 = [
𝟎 𝟎
𝐁𝟐𝟏 𝐁𝟐𝟐
].                                           (3.14) 
The subscript FL denotes the situation after the sector stops supplying any products. 
Following (Miller and Lahr, 2001), the forward linkage indicator (FL) is: 
    𝐹𝐿 = [𝐯𝟏[(𝐌 − 𝐈) + 𝐁𝟏𝟐𝛃𝟐𝟏(𝐌 − 𝐈)] + 𝐯𝟐[𝐌𝐁𝟏𝟐𝛃𝟐𝟐 + 𝛃𝟐𝟐𝐁𝟐𝟏𝐌𝐁𝟏𝟐𝛃𝟐𝟐]] 𝐺𝑂⁄ , (3.15) 
where v1 and v2 are the value added of the extracted sector and the remaining sector, 
respectively. M equals (I-B11-B12β22B21)
-1
 and β22 equals (𝐈 − 𝐁𝟐𝟐)
−1. 
3.2.4 Employment impact 
To capture the differential employment impacts, this study estimates sector k’s 
employment impact on each sector separately and then aggregates, as follows. 
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Let △xkl denote the impact of the extraction of sector k on sector l obtained from 
Eq.(3.8). Hence, the proportional impact of sector k is 
                                                                 𝑝𝑘𝑙 = ∆𝑥𝑘𝑙/𝑥𝑙.                                               (3.16) 
As wages and salaries are downward rigid, firms tend to lay off workers rather than 
lower wages, especially in short run. The impact on employment is assumed to be 
proportional to the impact on output for each sector. By multiplying its proportional 
output impact with its employment, the number of jobs lost in each sector is obtained. 
The total impact of the extracted sector on employment is readily obtained as 
                                                                ∆𝐸 = ∑ 𝑝𝑘𝑙𝑒𝑙
𝑛
𝑙=1 .                                            (3.17) 
where △E denotes the total impact of the extraction on employment, n is the number of 
sectors and el the number of jobs employed by sector l before the extraction of sector k. 
3.3 Data and empirical results 
3.3.1 Data 
The analysis below is based on the 2002 and 2007 42-sector provincial I-O tables for 30 
provinces and metropolitan areas compiled and recently published by the National 
Statistics Bureau.
11
 Both tables are based on the 2002 China Classification of National 
Economic Industries (GB/T 4754-2002). The I-O tables allow interregional comparison 
and analysis of recent changes of the impacts of the REC on regional economies. 
Employment data is obtained from the 2002 and 2007 China Statistics Yearbooks 
which present employment at both national and provincial levels. Different from the 42-
sector 2002 and 2007 I-O tables, there are only 16, respectively 19 sectors in the 2002 and 
2007 China Statistics Yearbooks
12
. To assess the impact of the real estate-construction 
                                                          
11
 Since 1987, survey-based provincial I-O tables have been compiled by local statistics bureaus for the 
years 1987, 1992, 1997, 2002 and 2007. Based on these five years I-O tables, semi-surveyed I-O tables are 
compiled for the mid-period years 1990, 1995, 2000, 2005 and 2010. Both types of I-O tables are rarely 
made public and some of the provincial I-O tables before 2002 are classified (Holz, 2011). What’s more, 
the real estate sector is not listed out in the provincial I-O tables before 1997. Thus, this paper focuses on 
2002 and 2007 tables. 
12
 The China Classification of National Economic Industries was initially drafted and issued in 1984. It was 
revised in 1994, 2002 and 2011. In the 1994 classification (GB/T 4754-1994), the economy is divided into 
16 sectors and 92 subsectors. In the 2002 classification (GB/T 4754-2002), there are 20 sectors and 95 
subsectors. Following the 1994 industrial classification, there are 16 sectors in the 2002 China Statistics 
Yearbook. The 2007 China Statistics Yearbook follows the 2002 industrial classification, but data of the 
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sector on employment, the 42 sectors in the I-O tables are reclassified into 16 sectors for 
2002 and 19 sectors for 2007 (see Table 3.A.1 for sector classification).  
The calculations of employment in 2002 and 2007 are different. Employment in 
2002 does not only include those who are hired by the genuine urban units but also those 
who work in units in rural areas that belong to the metropolitan area. In 2007 only 
genuine urban units are included. Thus, the data is not suitable to analyze the dynamics of 
the job creating effect of the REC. For all 30 regions we apply the same employment 
calculation procedure for a given year. Thus interregional comparison for a given year is 
valid. 
3.3.2 Total linkage indicator 
The total linkages of each sector are measured by equation (3.9). The total linkage 
indicator of REC and its ranking among the 42 sectors in the 30 regions are presented in 
Table 3.1. In both 2002 and 2007, REC ranked in the top ten in all 30 regions, indicating 
that it plays an important role in all regional economies. Moreover, in 2002, it ranked in 
the top three in all 30 provinces. The prominent position of REC is due to the fact that 
infrastructure, which is still underdeveloped in China, has drawn substantial investments 
from government and private investors during the period of investigation. Particularly, 
investment in REC accounted for more than 20% of total investment in China during the 
last decade. Furthermore, it has experienced rapid growth due to the high overall 
economic growth. At the same time, increasing real estate prices led to a boom in real 
estate and construction activity after the 1998 real estate market reform. 
  
                                                                                                                                                                             
International Organization sector is not collected leading to only 19 sectors in the 2007 yearbook. The 2002 















TL Rank Max. Min. TL Rank Max. Min. 
Beijing 0.2925 1 0.2925 0.0016 0.3116 3 0.3362 0.0064 
Tianjin 0.1821 3 0.1924 0.0017 0.4303 3 0.6063 0.0038 
Hebei 0.1885 1 0.1885 0.0010 0.2357 9 0.6067 0.0028 
Shanxi 0.2629 1 0.2629 0.0001 0.2408 2 0.3676 0.0012 
Inner 
Mongolia 
0.2495 1 0.2495 0.0014 0.2843 2 0.2937 0.0012 
Liaoning 0.2058 1 0.2058 0.0024 0.2791 1 0.2791 0.0040 
Jilin 0.3500 1 0.3500 0.0016 0.4259 1 0.4259 0.0062 
Heilongjian
g 
0.1619 1 0.1619 0.0013 0.1746 5 0.3894 0.0031 
Shanghai 0.2007 1 0.2007 0.0023 0.2329 10 0.5282 0.0036 
Jiangsu 0.1958 1 0.1958 0.0024 0.1645 6 0.4018 0.0026 
Zhejiang 0.1818 1 0.1818 0.0013 0.2452 4 0.4854 0.0024 
Anhui 0.2201 1 0.2201 0.0024 0.3030 2 0.4807 0.0021 
Fujian 0.1417 2 0.1445 0.0000 0.1868 3 0.2800 0.0013 
Jiangxi 0.2455 1 0.2455 0.0026 0.2985 2 0.2993 0.0005 
Shandong 0.2096 2 0.2280 0.0000 0.1423 6 0.2656 0.0022 
Henan 0.1380 2 0.1478 0.0000 0.1554 6 0.3008 0.0015 
Hubei 0.2008 1 0.2008 0.0016 0.2070 1 0.2070 0.0027 
Hunan 0.2219 1 0.2219 0.0011 0.2576 2 0.3141 0.0019 
Guangdong 0.1612 2 0.1754 0.0009 0.1873 8 0.6332 0.0026 
Guangxi 0.2077 1 0.2077 0.0012 0.2471 2 0.2673 0.0022 
Hainan 0.2666 1 0.2666 0.0006 0.2803 1 0.2803 0.0015 
Chongqing 0.3682 1 0.3682 0.0010 0.2642 3 0.3375 0.0029 
Sichuan 0.2426 1 0.2426 0.0022 0.2314 1 0.2314 0.0023 
Guizhou 0.3089 1 0.3089 0.0007 0.2960 2 0.3541 0.0020 
Yunnan 0.3015 1 0.3015 0.0001 0.2811 2 0.4548 0.0012 
Shaanxi 0.2870 1 0.2870 0.0011 0.4745 1 0.4745 0.0030 
Gansu 0.2601 1 0.2601 0.0008 0.2831 2 0.3144 0.0012 
Qinghai 0.3233 1 0.3233 0.0016 0.2866 2 0.3150 0.0003 
Ningxia 0.3956 1 0.3956 0.0013 0.4326 1 0.4326 0.0067 
Xinjiang 0.2557 1 0.2557 0.0009 0.3441 1 0.3441 0.0026 
Weighted 
Average 
0.2077    0.2288    
S.D. 0.0659    0.0835    





The extraction of REC resulted in a weighted average change of total output of 21% 
in 2002 (regions’ output shares used as weight) and to 23% in 2007. One possible reason 
for the increase in importance of REC is technological development. As shown by Wolff 
and Ishaq Nadiri (1993), technological progress significantly strengthens intersectoral 
linkage which may result in changes in the production input mix and the adoption of here-
to-fore unused inputs. For instance, during the period of investigation more and more 
energy-saving investments (insulation and heating devices) have been made which are 
typically produced by other sectors. A consequence of such investments is an increase in 
the REC’s total linkage indicator. Another possible reason for the increase in total linkage 
relates to the specialization of production activities. Firms thereby no longer necessarily 
make all production inputs themselves but rather buy prefabricated building materials, 
subcontract activities like plumbing and, outsource business services like project 
administrations. 
Another notable feature of Table 3.1 is that the total linkage indicator varies widely 
from region to region, as expected. In 2002, it ranged from 0.1417 in Fujian and Henan to 
0.3956 in Ningxia. The variation across regions was even larger in 2007. In that year the 
indicator varied from 0.1423 in Shandong to 0.4745 in Shaanxi. Other provinces with an 
index larger than 40 percent are Tianjin, Jilin, Shaanxi and Ningxia, which indicates that 
these four regions are highly dependent on the real estate-construction sector. Possible 
causes of the interregional variation are the differences in government policies, economic 
structure, and in the use of construction materials. Some regions tend to invest in the REC 
in order to stimulate regional economic development while others invest in export -
oriented sectors and heavy industry sectors (Sun, 2001). Particularly, the provincial 
governments of Tianjin, Jilin, Shaanxi and Ningxia strongly stimulate the REC (Han and 
Ofori, 2001). Consequently, the REC total linkage indicator in these provinces is higher 
than in the export oriented provinces of Shanghai, Jiangsu, Shandong and Guangdong. 
What’s more, as the economic structure varies, different input mix is taken across regions. 
For instance, real estate is more dependent on steel and concrete in the more developed 
regions while more dependent on brick and wood in less developed regions (Yu, 2006). 
3.3.3 Backward and forward linkage indicators 
The backward and forward linkage indicators are calculated by means of equations (3.11) 
and (3.15), respectively. The results are presented in Table 3.2. The weighted average 
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backward linkage indicator increased from 0.2000 in 2002 to 0.2168 in 2007. The 
increase suggests that more products and services produced by other sectors are directly 
or indirectly inputted into the production process of the REC. As prices of construction 
land went up, low-rise and multi-story buildings have been gradually replaced by high-
rise buildings which have resulted in the substitution of widely used brick for concrete 
and steel (DRCSCC, 2005). Moreover, as mentioned above, energy-saving innovations in 
insulation and heating which are produced by other sectors, have gradually became an 
important input into REC. The introduction of these new materials has also strengthened 
the backward linkage of the REC. 
Similar to the total linkage indicator, the backward linkage indicator shown in Table 
3.2 varies strongly across regions. It varies from a low of 0.1245 in Fujian province in 
2002 to a high of 0.4636 in Shaanxi province in 2007. The standard deviation of 
backward linkage indicator (0.0666 in 2002, 0.0835 in 2007) indicates that the backward 
linkage indicator significantly varies across regions and that it has increased during the 
research period. The interregional variation can be explained by the differences in 
economic development. In the coastal regions such as Shanghai, Guangdong, Fujian, 
Jiangsu, Zhejiang and Shandong, export-oriented sectors have substantially contributed to 
regional economic development, but little of their output is input into the real estate-
construction sector. Thus, the backward linkage indicators in these regions are smaller 
than that in inland regions. 
The forward linkage indicator ranges from 0.0027 in Shandong province to 0.0653 in 
Fujian province in 2002, and from 0.0037 in Anhui province to 0.0402 in Shanghai in 
2007. The low weighted average forward linkage means that the REC is strongly oriented 
towards own final demand. The REC produces mainly final products - houses, offices and 
bridges - rather than intermediate or business-to-business products that are used in other 
sectors’ production processes. This finding is in line with Bielsa and Duarte (2011). The 
implication is that demand fluctuations in other sectors have little or no effect on the 
demand from the REC. 
In spite of an increase in seven regions, notably Shandong, Henan and Qinghai, the 
weighted average value of the forward linkage indicator declined from 0.0273 in 2002 to 
0.0189 in 2007 which indicates that the products of the REC became less important as 
other sectors’ intermediate inputs. A likely explanation for this decline is that other 
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sectors decreased their purchase of REC products as their prices went up. After the 
housing reform implemented in 1998, the prices of REC output experienced a rapid 
increase (Guo and Huang, 2010). As a result, other sectors turned to substitutes of the 
REC. For instance, the wholesale and retail sector started opening online shops in order to 
cut down on REC products. 




BL FL BL FL 
Beijing 0.2712 0.0612 0.2886 0.0351 
Tianjin 0.1752 0.0277 0.4089 0.0292 
Hebei 0.1828 0.0240 0.2272 0.0126 
Shanxi 0.2540 0.0286 0.2320 0.0199 
Inner Mongolia 0.2456 0.0205 0.2745 0.0154 
Liaoning 0.1948 0.0310 0.2679 0.0210 
Jilin 0.3480 0.0462 0.4195 0.0107 
Heilongjiang 0.1559 0.0207 0.1677 0.0143 
Shanghai 0.1835 0.0536 0.2036 0.0402 
Jiangsu 0.1948 0.0064 0.1575 0.0139 
Zhejiang 0.1781 0.0257 0.2354 0.0180 
Anhui 0.2170 0.0360 0.2943 0.0037 
Fujian 0.1245 0.0653 0.1760 0.0203 
Jiangxi 0.2376 0.0299 0.2836 0.0327 
Shandong 0.2027 0.0027 0.1336 0.0119 
Henan 0.1361 0.0046 0.1469 0.0177 
Hubei 0.1922 0.0333 0.1828 0.0302 
Hunan 0.2107 0.0406 0.2535 0.0035 
Guangdong 0.1523 0.0305 0.1689 0.0258 
Guangxi 0.2017 0.0303 0.2411 0.0046 
Hainan 0.2405 0.0405 0.2697 0.0161 
Chongqing 0.3588 0.0332 0.2584 0.0103 
Sichuan 0.2354 0.0255 0.2275 0.0096 
Guizhou 0.3046 0.0233 0.2856 0.0145 
Yunnan 0.2920 0.0443 0.2730 0.0243 
Shaanxi 0.2821 0.0227 0.4636 0.0178 
Gansu 0.2536 0.0282 0.2767 0.0106 
Qinghai 0.3203 0.0190 0.2746 0.0281 
Ningxia 0.3943 0.0091 0.4242 0.0120 
Xinjiang 0.2504 0.0188 0.3363 0.0137 
Weighted Average 0.2000 0.0273 0.2168 0.0189 
S.D. 0.0666 0.0150 0.0835 0.0093 




Comparing the backward and forward linkage indicators reveals a pattern for 
Chinese provinces that is also observed elsewhere. For instance, Bielsa and Guarte (2011) 
also find that the forward linkage indicator is substantially lower than the backward 
linkage indicator. Among the OECD countries they studied, construction-driven countries, 
i.e. countries with above average total linkage for the REC, have the largest differences 
between backward and forward linkage indicators. 
3.3.4 The impact on employment 
Table 3.3 displays the employment impacts of the REC. The results indicate that the REC 
employs large number of workers in China with great variation across regions. On 
weighted average, employment directly or indirectly related to the REC accounts for 
more than 10% of total employment in all regions, except in Henan province in 2002 
where it accounts for 8% only. In 2007, a weighted average of 22% of total employment 
in urban areas is generated by the REC. This high employment impact is due to the high 
labor intensity of the sectors that are directly or indirectly linked to the REC (Lemoine 
and Ünal-Kesenci, 2004). 
Similar to the total linkage indicator, the impact on employment strongly varies 
across regions. In 2002, the REC accounted for more than 20% of total employment in 
Beijing, Jilin and Ningxia, but, as mentioned above, for only 8% in Henan. In 2007, the 
employment impact contribution of this sector accounts for more than 40% of the total 
employment in Tianjin, Jilin, Shaanxi, Ningxia and Xinjiang, but less than 15% in 
Shandong and Henan. The variation across provinces is related to interregional difference 
in economic structure and wages (see Table 3.A.2). In the less developed regions such as 
Jilin, Ningxia, Shaanxi and Xinjiang, the overall wage level is much lower than in 
relatively developed regions. As a result, labor intensity is higher in less developed 
regions. In addition, the total linkage of the real estate-construction sector is larger than 
that in other regions. Therefore, the impact of the real estate-construction sector on 




Table 3.3 The total impact of the real estate-construction sector on employment 
Region 
2002 2007 
impact on employment 
(million persons) 
ratio 
impact on employment 
 (million persons) 
ratio 
Beijing 1.75 0.22 1.39 0.26 
Tianjin 0.73 0.18 0.88 0.44 
Hebei 4.56 0.13 1.16 0.23 
Shanxi 2.44 0.17 0.77 0.20 
Inner Mongolia 1.09 0.11 0.47 0.19 
Liaoning 2.24 0.12 0.82 0.16 
Jilin 2.56 0.23 1.21 0.46 
Heilongjiang 1.89 0.12 1.10 0.22 
Shanghai 1.42 0.19 0.86 0.23 
Jiangsu 4.98 0.14 1.32 0.19 
Zhejiang 4.11 0.14 1.32 0.20 
Anhui 1.42 0.19 0.96 0.28 
Fujian 1.79 0.10 1.05 0.23 
Jiangxi 2.68 0.14 0.70 0.24 
Shandong 6.46 0.14 1.13 0.13 
Henan 4.18 0.08 1.00 0.14 
Hubei 3.12 0.13 0.89 0.19 
Hunan 3.81 0.11 0.84 0.19 
Guangdong 4.07 0.10 1.66 0.17 
Guangxi 4.56 0.18 0.63 0.22 
Hainan 0.49 0.14 0.24 0.31 
Chongqing 2.65 0.16 0.58 0.25 
Sichuan 5.00 0.11 0.98 0.18 
Guizhou 2.95 0.14 0.76 0.35 
Yunnan 2.31 0.10 0.74 0.25 
Shaanxi 2.72 0.15 1.44 0.42 
Gansu 1.47 0.12 0.47 0.24 
Qinghai 0.37 0.15 0.10 0.22 
Ningxia 0.62 0.22 0.28 0.47 
Xinjiang 1.08 0.15 1.07 0.43 
Weighted Average 3.54 0.14 1.12 0.22 
S.D. 1.56 0.04 0.37 0.10 
Note: Regions’ output shares are taken as weights to obtain the Weighted Average. S.D. is the standard 
deviation. 
3.4. Discussion and conclusions 
This paper has measured the economic impacts of the real estate-construction sector 
(REC) on the regional economy at province level based on the input-output table of 30 
China’s provinces in 2002 and 2007 by means of the hypothetical extraction method. The 
main finding is that the Chinese regional economies are strongly dependent on the REC. 
In terms of total linkage, the weighted average impact of the REC accounted for 21% of 
total output in 2002 for 23% in 2007. In addition, the total linkage indicator ranked in the 
top ten in all 30 studied regions. In addition, more than 14% of all jobs are directly or 
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indirectly related to this sector in 2002 and 22% in 2007. The high rank of the total 
linkage indicator and the impact on employment indicate that the REC plays a key role in 
regional economic development. Consequently, fluctuations of the REC will bring about 
substantial fluctuations in all 30 regions investigated.  
The forward linkage indicator is substantially smaller than the backward linkage 
indicator in both 2002 and 2007 indicating that the impact of the REC on economic 
development mainly stems from backward linkage. In 2002, the weighted average 
forward effect was only 3% of total output while the weighted average backward linkage 
was 20%. The corresponding percentages in 2007 were 2% and 22%, respectively. The 
difference between forward and backward linkage indicates that the sector is strongly 
own final demand oriented. In other words, the REC is highly sensitive to final demand of 
its output, while there is little response to changes in demand from other sectors. 
The implications of these findings can be addressed by considering a shock in the 
Chinese economy. Based on the calculated backward linkage, total linkage and 
employment effect, a fall in demand of REC output will affect other sectors and 
employment substantially. This is particularly so in Tianjin, Jilin, Shaanxi and Ningxia 
where total linkage and employment effect are both over 40% in 2007. What’s more, it is 
in these provinces that the total linkage and backward linkage is the largest and the 
forward linkage the smallest. Based on the calculated forward linkage indicators, changes 
in demand in other sectors are expected to only slightly affect the REC as it hardly 
produces intermediate or business-to-business products for other sectors. This implies that 
stimulating other sectors when demand for REC output falls will only slightly affects it. 
So in these four regions, their regional economies are particularly vulnerable to a fall in 
the demand of REC output. 
Rapid urbanization and industrialization in China during the last three decades have 
brought about large demand for REC output. Through its strong backward linkage, this 
sector has promoted the growth of most provincial economies and created large numbers 
of jobs. The proportion of urban population reached 51 percent in China in 2011 (China 
Statistics Yearbook, 2012). It is expected to go up to 77.3 percent by 2050 (United 
Nations Population Divisions, 2013) indicating that the demand for real estate will remain 




From Bielsa and Duarte (2011) it follows that the impacts of the REC on the Chinese 
provincial economies are larger than in OECD countries. This also applies to Spain which 
had the highest impact among OECD countries. For instance, 17.5% of employment in 
Spain was related to the REC while in China it was 22%. This indicates that the Chinese 
economy is more vulnerable to a fall in the demand of REC output than the Spanish 
economy. This particularly holds for the Chinese provinces of Tianjin, Jilin, Shaanxi and 
Ningxia where the REC accounted for more than 40% of regional output and employment 
in 2007. 
The Chinese economy has strongly relied on export. As Chinese export has started 
shrinking, inter alia because of the 2007 global financial crisis and the European debt 
crisis, China’s central government has started restructuring its own economy and 
stimulating domestic consumption. Because of continued housing demand due to 
continued rural-urban migration and income growth, and its strong regional economic 
impacts, the REC is a prime candidate for the restructuring of the Chinese economy. 
However, urbanization and industrialization are unbalanced across regions in China. 
Regions with high degree of urbanization and less migration may encounter a decline of 
real estate demand which in turn results in decrease of the REC as it is highly dependent 
on its own final demand rather than the demand from other sectors. Therefore, these 
regions should take precautionary action and adjust their economic structure in order to 
achieve a sustainable economic development. Much needed urban renewal projects may 
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Table 3.A.1 Sector classifications 
NO. Sector classification for I-O table in 2002 and 2007 Sector classification for employment in 2002 
1 Agriculture, forestry, animal husbandry and fishery Farming, forestry, animal husbandry and fishery. 
2 Coal mining  Mining and quarrying 
3 Crude petroleum and natural gas mining Manufacturing 
4 Metal ore mining Production and supply of electricity gas and water 
5 Non-metallic ore mining and other mining Construction 
6 Food products and tobacco Geological prospecting and water conservancy 
7 Textiles Transport, storage, post and telecommunication services 
8 textile products, leather and footwear Wholesale and retail trade and catering services 
9 Wood and products of wood and cork Finance and insurance 
10 Pulp, paper, paper products, printing and publishing Real estate 
11 Coke, refined petroleum products and nuclear fuel Social services 
12 Chemicals and chemical products Health care, sports and social welfare 
13 Other non-metallic mineral products Education, culture and arts, radio, film and television 
14 
Fabricated metal products except machinery and 
equipment 
Scientific research and polytechnic services 
15 Basic metals Public management and social organization 
16 Machinery and equipment Others 
17 Transport equipment  
18 Electrical machinery and apparatus  
19 Radio, television and communication equipment Sector classification for employment in 2007 
20 Office, accounting and computing machinery Agriculture, forestry, animal husbandry and fishery 
21 Manufacture of artwork and other manufacturing Mining 
22 Recycling Manufacturing 
23 Electricity and heat supply Production and distribution of electricity , gas and water 
24 Gas supply Construction 
25 Water supply Transport, storage and post 
26 Construction Information transmission computer service and software 
27 Transport and storage Wholesale and retail trades 
28 Post and telecommunications Hotels and catering services 
29 Information transfer, computer services and software Finance and insurance 
30 Wholesale and retail trade Real estate 
31 Hotels and restaurants Leasing and business services 
32 Finance and insurance 
Scientific research, technical services, and geological 
prospecting 
33 Real estate activities 
Management of water conservancy environment and public 
facilities 
34 Leasing and business services Services to households and other services 
35 Research and development Education 
36 Integrated technology service industry  Health, social securities and social welfare 
37 
Management of water conservancy, environment and 
public establishment 
Culture, sports and entertainment 
38 Other community, social and personal services Public management and social organization 
39 Education  
40 Sanitation, social security and social welfare  
41 Culture, sports and entertainment  




Table 3.A.2 The composition of RDP and average wage by region 
Region 
The Composition of RDP (%) 
Average wage 
(1,000 yuan/year) 













Beijing 3.00 34.75 62.19 1.10 26.80 72.10 21.85 46.51 
Tianjin 4.10 48.85 47.06 2.20 57.30 40.50 16.26 34.94 
Hebei 15.63 49.75 34.62 13.20 52.80 34.00 10.03 19.91 
Shanxi 9.80 53.72 36.48 4.70 60.00 35.30 9.36 21.53 
Inner Mongolia 21.60 42.00 36.40 12.50 51.80 35.70 9.68 21.88 
Liaoning 10.81 47.82 41.37 10.30 53.10 36.60 11.66 23.20 
Jilin 19.86 43.50 36.58 14.80 46.80 38.30 9.99 20.51 
Heilongjiang 11.57 55.65 32.78 13.00 52.30 34.70 9.93 19.39 
Shanghai 1.63 47.42 50.95 0.80 46.60 52.60 23.96 49.31 
Jiangsu 10.53 52.21 37.26 7.10 55.60 37.40 13.51 27.37 
Zhejiang 8.90 51.08 40.02 5.30 54.00 40.70 18.79 31.09 
Anhui 21.65 43.49 34.86 16.30 44.70 39.00 9.30 22.18 
Fujian 14.20 46.13 39.67 10.80 49.20 40.00 13.31 22.28 
Jiangxi 21.87 38.84 39.29 16.50 51.70 31.90 9.26 18.40 
Shandong 13.17 50.32 36.51 9.70 56.90 33.40 11.37 22.84 
Henan 20.89 47.84 31.28 14.80 55.20 30.10 9.17 20.94 
Hubei 14.21 49.16 36.63 14.90 43.00 42.10 9.61 19.82 
Hunan 19.52 40.02 40.46 17.70 42.60 39.80 10.97 21.53 
Guangdong 8.78 50.43 40.79 5.50 51.30 43.30 17.81 29.44 
Guangxi 24.26 35.19 40.50 20.80 40.70 38.40 10.77 21.90 
Hainan 37.90 20.75 41.36 29.50 29.80 40.70 9.48 19.36 
Chongqing 16.02 41.98 42.00 11.70 45.90 42.40 10.96 23.10 
Sichuan 21.08 40.66 38.20 19.30 44.20 36.50 11.18 21.31 
Guizhou 23.70 40.06 36.25 16.30 41.90 41.80 9.81 20.67 
Yunnan 21.08 42.62 36.30 17.70 43.30 39.10 11.99 20.48 
Shaanxi 14.92 45.47 39.61 10.80 54.20 34.90 10.35 21.30 
Gansu 18.40 45.66 35.87 14.30 47.30 38.40 11.15 20.99 
Qinghai 13.16 45.15 41.69 10.60 53.30 36.00 14.47 26.17 
Ningxia 16.10 45.91 38.05 11.00 50.80 38.20 11.64 26.21 
Xinjiang 19.08 42.10 38.80 17.80 46.80 35.40 11.61 21.43 
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